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1. Acoustic Emission
2. NonDestructive Testing — NDT
3. Hugoton
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Introduction

Nowadays, hydraulic fracturing is very useful for
producing hydrocarbons from unconventional oil and
gas reserves with very low permeability to create a
large surface in contact with reserves. In this method,
the fracture processes that occur during hydraulic
fracturing of rocks are often not fully understood and
need further investigation [ 1,2]. Acoustic emission (AE)
is the sudden high-frequency elastic micro-seismic
signals that are generated and emitted by the loading
of an object. Acoustic emission is a phenomenon in
which transient elastic waves are generated through
the rapid release of energy into local sources in matter.
Acoustic wave propagation test is one of the non-
destructive testing methods. When solids are under
stress, defects in them cause high-frequency acoustic
waves. These waves are propagated in matter and can
be received by special sensors, and by analyzing these
waves, the type of defect, its location and severity can
be determined [3-5].

Materials and Methods

The mix design for providing the artificial concrete
specimen includes a combination of sand, cement,
lime, and water. The mixing ratio has been based on
weight: sand to cement = 3 to 1, sand to lime = 3 to
0.25. Moreover, the water added to this combination
has been 0.25 ratio to sand and 0.75 ratio to cement.
For exiting bubble and causing vibration while
concreting, ASTM standards have been applied in
a way that specimens were taken out of the mold

Accepted: October/08/2022

and put in water tank after stirring the materials put
in the mold and after the passage of 24 hours since
concrete placing. Then, after 7 days since putting the
concrete in the mold, the specimens are left in open
air to become ready for testing. Concrete placing the
cubic specimens and placing them in a pool of water is
shown in Figure 1.

>

Fig. 1 a) Preparation of cubic specimens, b) Placement of

specimens in a pool of water.
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To investigate the crack propagation process in the
hydraulic fracturing process, 2 cracks were created
on 3 concrete specimens, 2 cracks on the cavity
wall and in parallel and opposite to each other with
a Hack saw. The cracks were placed parallel to the
maximum horizontal stress. The aim is to investigate
the effect of pre-manufactured crack and its effect on
crack propagation, as well as a comparison between
non-fissure and fissured specimens in similar stress
compositions. The application of horizontal and
vertical stresses is loaded in true triaxial stress. At the
same time as fluid injection begins, acoustic emission
behavior begins, and when fracture occurs in the
specimen, the experiment is completed and a pressure
drop occurs, which stops fluid injection and acoustic
emission at the same time. Figure 2 shows the pre-
manufactured crack and the process of its creation.
The loading path of the true triaxial stress conditions is
shown in Figure 3.

Fig. 2 Preparation of a fissured specimens, a) Pre-manufac-
tured crack b) The process of creating a crack.
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Fig. 3 Loading path of the true triaxial stress conditions

Results and Discussion

The effect of the pre-manufactured crack on the
fluid injection pressure at the moment of fracture of
the specimens is shown in Figure 4. Due to the pre-
manufactured crack, fissured specimens have a lower
fracture pressure than non-fissure specimens. Fracture
pressure is clearly lower in fissured specimens and can
be due to the presence of fissures due to the reduction
and elimination of concentrated stresses around the
hole, which plays an important role in initiating fracture
and reducing the effect of stress conditions around the
hole. The pre-manufactured crack relieves the stress
concentration around the hole and reduces the fracture
pressure. Pre-manufactured cracks provide a starting
point for fracture propagation, and yet the fracture
geometry changes as the amount of horizontal stress
differences changes. This change in fracture geometry
includes the difference in low horizontal stresses,
which extends only along the pre-manufactured
fracture crack, to the difference in high horizontal
stresses, which causes the obvious deflection of the
fracture to the maximum horizontal stress.

= Fissured ®- Non-fissure

Cube 18

Cube 21

Cube 5

Cube 19",

e, Cube 12

Max. injection pressure (MPa)

Cube 20

4

Fig. 4 The effect of the pre-manufactured crack on the fluid
injection pressure at the moment of fracture of the speci-
mens.

Acoustic emission parametric analysis method
is performed based on acoustic emission signal
parameters. The second method is waveform analysis
which is based on amplitude - time analysis of acoustic
emission waveform and signal spectrum analysis
method to obtain acoustic signal waveform spectrum
information. The acoustic waveform contains all the
information such as stress state, structure, physical and
mechanical properties of the specimen [3].

Conclusions

In this study, with the aim of in vitro investigation
of the effect of pre-manufactured crack on hydraulic
fracturing, hydraulic fracturing tests were performed
under true triaxial stress conditions for fissured
and non-fissure specimens with acoustic emission
behavior. The most important results of this research
are stated below.

1. pre-manufactured crack in fissured specimens
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reduce the fracture pressure of specimens and the
magnitude of the horizontal stresses difference clearly
affects the crack propagation path during the hydraulic
fracturing test.

2. In fissured specimens, the AE count is higher than
that non-fissure specimens, and a large number of AE
events and a large count at the moment of maximum
injection pressure have been observed. The pre-
manufactured crack causes the crack to deflect, which
increases the work done on the specimens, resulting in
more AE signals being received.

3. During the fluid injection time, tensile and shear
cracks in fissured specimens are more than non-
fissure specimens. More shear cracks are created in
the fissured specimens and consequently they have
a higher cumulative energy AE due to the crack
deflection and irregular fracture in these specimens.

4. b-value is lower for fissured specimens and more
micro cracks are formed in these specimens and the
probability of strong events and brittle fractures is
less. In fissured specimens, the pre-manufactured
crack causes a more continuous Ib-value fluctuation by
eliminating the concentration of stress around the hole
and creating more micro cracks and unlike non-fissure
specimens, where the sudden burst of crack growth is
greater, in fissured specimens the proportion of small

Petroleum Research, 2023(December-January ), Vol. 32, No. 126

and large AE events is at a more stable level.
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